Chiasma occurs spontaneously in the meiotic prophase when homologous chromosomes synapse during pachytene. Each chiasma is considered to be a consequence of a single cross over. The structure of chromosome is related to chiasma frequency and hence the factors affecting the former could also have an effect on chiasma frequency.
Chiasma occurs spontaneously in the meiotic prophase when homologous chromosomes synapse during pachytene. Each chiasma is considered to be a consequence of a single cross over. The structure of chromosome is related to chiasma frequency and hence the factors affecting the former could also have an effect on chiasma frequency.
Hordeum is a genus of 25-30 species widely distributed in temperate regions of the world. A large number of species of this genus has been investigated cytologically from different parts of the world (Armstrong et al. 1987 , Linde-Laursen et al. 1986 , 1989 , Rajhathy and Morrison 1961 , 1962 , Starks and Tai 1974 , Symeonidis et al. 1985 . However, work on chiasma fre quency and chromosome associations in the naturally occuring Hordeum species is limited. Chiasma frequencies in interspecific hybrids of the genus have been reported by several work ers, including, Bothmer et al. 1986 , 1987 , Bothmer and Subrahmanyam 1988 , Gupta and Fedak 1985 , 1986a , b, 1987 , Sethi et al. 1986 , Wagenaar 1960 . An attempt has been made to study chromosome associations and chiasma frequency in six naturally occuring species of Hordeum.
Materials and methods
Seeds were obtained from several sources, listed in Table 1 . The taxa are as per iden tification by the respective sources. Plants were raised in pots at the Department of Genetics, University of Karachi. For cytological studies young spikes were fixed in Carnoy's solution (3 Ethanol: 1 Acetic acid) for at least 24 h and slides were prepared by the squash technique using 1% aceto carmine or 1.8% aceto-orcein. Chromosome associations (ring/rod) and the mean chiasma frequency per cell were determined from the data collected from 25 well spread PMCs at M-I. Photomicrographs were taken from the temporary mounts, later on, slides were made permanent using euparal as mounting medium.
Results and discussion
Data on chromosome associations and chiasma frequency at metaphase-I in different Hordeum accessions are presented in the Table 1. All accessions of Hordeum used in the present study showed normal meiosis with bivalent associations.
The bivalents were of both ring and rod types; the ring bivalents being more frequent.
In two accessions of H. agrio crithon (Figs. 1, 2 ) the average number of ring and rod bivalents were found to be 6.92 and 0.08 and 6.28 and 0.72 respectively. The mean chiasma frequency of the two accessions being 18.68 and 15.16.
The average number of ring bivalents were 6.56 and 6.44 and for that of rods 0.44, 0.56 res pectively in two accessions of H. jubatum. The mean chiasma frequency was found to be 16.64 and 16.76. In H. murinum 100% of bivalents were ring with a chiasma frequency of 35.36 per cell (Table 1 , Fig. 12 ). Each and every homologous pair of chromosomes in all varieties of H. It is widely known that chiasma frequency is an indication of the degree of homology of the chromosomes and the extent of hybridization.
In the present studies a variation in the mean chiasma frequency per cell was observed in different species and varieties of Hordeum. The frequency of the various types of chromosome associations and the percentage of chro mosomes involved in each type showed that all of the chromosomes associated as bivalents. In case of diploid taxa association of more than two chromosomes is not expected; whereas in case of a tetraploid cytotype of H. murinum regular formation of bivalents would suggest an allopolyploid origin of tetraploid species. This assumption has to be made with caution since multivalents suppressing mechanisms are known to exist in polyploid species, which guarantees a smooth meiotic system and establishment of polyploid type. Analysis of variance revealed that there were non significant differences between species as far as number of ring bivalents and number of chiasmata were concerned, but when different accessions were compared to each other, highly significant differences were observed. This means that as far as species are concerned, lower frequencies of ring bivalents (or number of chiasmata) in some accessions were nullified by the greater frequencies in other accession/s of the same species (Table 2) . These results were confirmed by carrying out the Chi-square tests for independence (Table 3) . The two factors, species and number of ring bivalents were not independent.
Similar results were obtained considering accessions as well. The results indicated that all taxa of Hordeum investigated had a fairly high frequency of ring bivalents. However the frequencies of ring and rod bivalents in different accessions of the same species were not necessarily consistant.
Summary
Chiasma frequency and chromosome associations at metaphase I of meiosis were studied in sixteen taxa of Hordeum viz. H. agriocrithon; H. jubatum; H. murinum; H. sativum con var. distichon var. inerme, var. nudum, con var. hexastichon var. coeleste, var. ingrum, H. spontaneum, var. agriocrithon, var. turcomanicum; H. vulgare, con var. distichon var. leiorrhynchum, var. nigrum, var. nutans, var. pallidum. All the taxa were diploids except for H. murinum which was teraploid.
The diploid taxa showed regular formation of seven bivalents and tetraploid species showed the occurance of fourteen bivalents. Chiasma frequency per cell at metaphase-I varied from 14.96 to 20.08 in diploid taxa while it is 35.36 in tetraploid taxon.
